Preparation and characterization of thin films have been reported by many researchers. Because of thin films could be used in wide applications including optoelectronic, solar cells, laser devices and gas sensor. There are several tools have been employed to characterize the obtained materials such as structural, morphological, compositional, optical and electrical of samples. For example, X-ray diffraction, scanning electron microscopy, X-ray photoelectron spectroscopy, UV-Visible spectrophotometer, transmission microscopy and Fourier Transform Infrared spectroscopy as reported in literature review. In this work, Raman spectroscopy will be used to investigate the obtained films. Briefly discuss the advantages and disadvantages of this tool will be described also.
INTROdUCTION
The binary [1] [2] [3] [4] [5] [6] [7] [8] , ternary [9] [10] [11] [12] [13] [14] [15] , quaternary [16] [17] [18] and penternary compounds [19] [20] [21] [22] have received great attention owning to their unique properties. These films are used in a wide variety of applications such as solar cell [23] [24] [25] , sensors 26 , photodiode arrays 27 , photoconductors 28 and optoelectronic devices 29 . The chalcogen is the elements (oxygen, sulfur, selenium and tellurium) in Group 16 of the periodic table. The band gap energy was estimated to be in the range of 1-3 eV. 30, 31 . Currently, the solar cell market is dominated by silicon solar cell 32 due to being abundant, non-toxic 33 and showingn remarkably higher power conversion efficiency. However, these solar cells are more expensive that other types of cells 34 . Thin film solar cell has always been cheaper but less efficient. This solar cell is favorable due to its minimum material usage. The two major thin film technologies such as cadmium telluride and copper indium gallium diselenide successfully contributed about 10% of the global production market share. The major drawback is a highly toxic material such as tellurium, cadmium 35 , and selenium.
In this work, thin films were investigated using Raman spectroscopy. The purity of sample and the phase identification were also examined.
Literature survey
Raman spectroscopy provides useful information on molecular interactions 36 , crystallinity, crystal phase 37 and chemical structure 38 . Raman is based upon the interaction of light with the chemical bonds within a material. Raman spectra exhibit the intensity of the scattered photons versus the frequency difference to the incident photons. Typically, the peaks fall within a range of 500 to 2000 cm -1 and only appear if vibrational modes are sensitive to the laser wavelength used 39 .
Raman spectroscopy is chemical analysis technique 40 and is employed to measure the scattering radiation 41 of a matter ( Fig. 1 ). Generally, when light is scattered by matter, almost all of the scattering is an elastic process 42 and does not give useful information (commonly known as Rayleigh Scatter). However, a very small percentage of scattering 43 is an inelastic process (known as Raman effect). Raman spectroscopy is both qualitative (measuring the frequency 44 of the scattered radiations) and quantitative (measurement of the analyte concentration in the sample by quantifying the intensity of the scattered radiations). The obtained Raman spectra give a unique data 45, 46 to identify a material and distinguish it from others. Table 1 shows the advantages and limitations of Raman spectroscopy technique. Several effor ts have been made by researchers to synthesize semiconductor thin films such as sulfur, selenium and tellurium-based nanostructured films. Typical deposition technique is shown in Table 2 . In this study, the utilization of Raman spectroscopy for the characterization of thin films wais discussed. • The weak Raman scattering will lead to the low sensitivity. •Raman spectroscopy detected organic or inorganic materials 48 • The presence of impurities can hide Raman spectra •It is simplicity method • Heating through intense laser radiation can destroy the Raman spectra •It can be used for in-field, in-situ 49 or down-field in the range 4000-50 cm -1 •Raman spectroscopy allows quick identification of materials 50 4 •Strong peaks could be seen at 196 (vibration with asymmetry of CZTSe) technique and 338 cm -1 (vibration with asymmetry of CZTS). •Cu 2 ZnSnS 4 (CZTS) shows narrow peak, however Cu 2 ZnSnSe 4 (CZTSe) exhibits broad peak as the concentration of H 2 S was increased from 1 to 5 %. Cu 2 ZnSn
•CZTS has three peaks (288, 337 and 367 cm -1 ), while CZTSSe Successive ionic [85] (S,Se) 4 has two peaks (208 and 329 cm -1 ). layer adsorption •Pure CZTSSe phase was confirmed. and reaction Cu 2 ZnSn• Two strong peaks at 336 cm -1 (CZTS) and 195 cm -1 Solvothermal [86] (SxSe 1-x ) 4 (CZTSe) could be identified. method •They report that most of the peaks shift to lower frequency due to selenium replaced sulfur in samples. Solvothermal method •Raman spectroscopy revealed the mode of CZTSSe shifted towards the lower frequency (selenium replace sulfur in samples). [86] CONCLUSION Raman spectroscopy is a powerful technique for characterization of thin films. Here, the author reviews the Raman spectra of nanostructured films. Also, the author indicates how to use it to determine structure and composition of samples. The purity of the compound and phase formation can be verified by this technique.
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